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ABSTRACT

A Five-Year

Follow-Up Study: Relationship

of the High PUFA Diet

Used in Original Study of Middle-aged
Dietary

Choices,

Adults to Present

Rate of Erythrocyte

Serum Cholesterol

Hemolysis

and Triglyceride

and

Values

by
Jeanette

Parsons

Egan, Master

Utah State University,

of Science
1975

Major Professor:
Dr. Ethelwynn B. Wilcox
Department:
Nutrition and Food Sciences
This study was a follow-up of the Christiansen
pleted in 1967.
years.

Dr. Christiansen's

Ten were designated

high polyunsaturated
The purpose
had on present

26 subjects

as controls

study which was com-

ranged in age from 33 to 60

and the other 16 were placed on a

fatty acid (PUFA) diet for a period of 26 weeks .
of doing a follow-up was to determine

dietary patterns,

what effect the study

serum lipid levels and rate of erythrocyte

hemolysis.
Eighteen of the original

subjects

participated

in this study.

Of these

18, nine were from the control group and nine were from the experimental
group.

There were nine women and nine men.

triglyceride

levels,

rate of erythrocyte

The serum cholesterol

hemolysis

and blood pressure

and
reading

vii
were determined.

General health status and dietary pattern

were determined

through the use of a questionnaire.
The results
the original

of the questionnaire

indicate that the experimental

study had influenced the present

diet of the study's

use of vegetable

oils was increased

and the consumption

was decreased.

The study had little effect on the consumption

diet of

subjects.

The

of eggs and whole milk
of beef, pork,

fish and chicken.
The rate of erythrocyte
(noninstructed)

hemolysis

than for the experimental

were 12. 65 and 9. 49 percent,
no depletion of tocopherol

respectively.

was greater

group (instructed).
The results

and noninstructed

Mean

The means for the

groups were almost the same (6 7. 2 and 6 7. 0 mg

respectively).
The cholesterol

values ranged from 139 to 252 mg percent.

values were close to those at the end of the previous
percent,

indicate that there was

levels varied from 60 to 72 mg percent.

values for men were slightly higher than for the women.

percent,

The mean values

levels due to continued use of PUF A.

Serum triglyceride

instructed

for the control group

respectively).

and the rate of erythrocyte

There was no correlation
hemolysis

study (192 and 188 mg

between cholesterol

or triglyceride

The mean

values.
(68 pages)

values

INTRODUCTION

Heart disease
Scientists

is a serious

are constantly

medical advances

problem in the United States and elsewhere.

searching

for answers

have been made,

for this problem.

heart disease

While many

continues to be the chief cause

of death in the U. S.
Several indicators,

known as risk factors,

son may become a subject for heart disease.
stress,

obesity and lack of exercise.

special importance--smoking,
Researchers

are interested

in the reduction

and cholesterol.

the substitution
saturated

of as many risk factors

seems to be the reduction
Serum cholesterol

SFA be recommended
However,
as to what long-term
been suggested
E (Horwitt,

It has been suggested

as a dietary

this increase

of serum levels of

fatty acids (PUF A) for
and Grande,

that substitution

change, particularly

1965 and
of PUFA for

in high risk individuals.

in the intake of PUF A has raised the question

effects there would be on vitamin E status since it has

that an increased

level of PUF A increases

1960 and Bieri and Poukka,

most vegetable

as possible

levels have been reduced by

fatty acids (SFA) in the diet (Keys, Anderson
1966).

seem to be of

and high levels of serum lipids.

of large amounts of polyunsaturated

Brown and Farrand,

include heredity,

risk of heart disease.

One area of importance
triglycerides

These factors

However, three factors

hypertension

in order to reduce the potential

seem to suggest that a per-

1970).

the need for vitamin

Since vitamin E is present

oils in the form of alpha-tocopherol,

an increased

intake of

in

2

vegetable

oils should also increase

have been stripped

the intake of vitamin E unless the oils

of their tocopherol

content or the tocopherol

content has

been destroyed.
In his long-term

studies with adults,

that had been stripped

of their tocopherol

found that the subjects

showed deficiencies

Studies using premature
symptoms

Horwitt et al. (1961) used oils

content.

He and his co-workers

after an extended period of time.

infants on high PUF A formulas

did show deficiency

which were relieved by the addition of vitamin E to their diet

(Gordon and de Metry,

1952; Hashim and Asfour,

1968; and Hassan et al.,

1966).
Christiansen
desirability

(1967) did a study involving 26 subjects

of maintaining

free living persons

study there was a slight increase
the high PUF A diet.

In this

levels in the group on

This would indicate that the amount of alpha-tocopherol

suggested

symptoms.

that a follow-up study be done later to deter-

mine the vitamin E status of the individuals
had changed.

on a high PUF A diet.

in alpha-tocopherol

was in amounts to prevent deficiency
Christiansen

to test the

and to determine

if dietary patterns

3

REVIEW OF LITERATURE

Tocopherol

History
Although vitamin E was discovered
explanation

in 1922, there is still no acceptable

that defines its role in metabolism.
It is associated

interrelationships.
and ubiquinone

(Green,

1962).

are also not fully understood,
Q), the problem

with the unsaturated

Because

the factors

particularly

However,

selenium,

fatty acids,

selenium

with which it is associated

selenium

of the role of alpha-tocopherol

difficult to answer.

One reason for this is its many

and ubiquinone

(vitamin E) becomes

(coenzyme
even more

which is now listed as a required
It is believed

to be involved in the

nutrient,

is no longer a complete mystery.

retention

of vitamin E in the plasma and through its activity in the pancreas

aid in the absorption

of fats (Scott, 1970).

shown to influence glutathione

peroxidase

Dinning (1955) suggested
control of the turnover
tocopherol
agreeing

that tocopherol

believes

that it has a larger

Scott (1970).

to prevent

metabolic

lipid peroxidation

anti-oxidant,

role.

1973).

function of vitamin E is the

Tappe! (1970) indicated

acts as a natural

has also been

in chicks (Scott and Noguchi,

that one possible

of nucleic acids.

acts as an anti-oxidant

Selenium deficiency

to

that alphain vivo.

While

Schwarz (1962) also

This belief is also supported by

4

Many deficiency
mechanisms

diseases

involved are not fully understood.

in animals

are:

muscular

tion, fetus resorption,
hemolysis

(Herting,

other animals,
a deficiency

dystrophy,

1966).

Among the deficiency

encepholomalacia,

exudative diathesis,

testicular

liver necrosis

While many deficiency

symptom appeared

symptoms

but that treatment

symptoms

degenera-

were found in
infants that

in man (Gordon and de Metry,

of premature

the

and erythrocyte

it was not until studies were done on premature

shown that the erythrocytes
peroxide,

are now lmown for vitamin E; however,

1952).

infants were hemolysed

It was

by hydrogen

with vitamin E reduced the hemolysis.

Later

studies by Hashin and Asfour (1968) and Hassan et al. (1966) with infants on
diets containing large amounts of PUF A showed similar
were supplemented
ever,

with vitamin

results.

E there were no deficiency

If the diets

symptoms.

How-

infants on the high PUF A diet without the addition of vitamin E had skin

lesions,
alleviated

edema and erythrocytes
by supplementation

with structural

that by increasing

(Horwitt et al.,

can occur in adult humans.

1966).

1961) have shown that
His 8 year study showed

the amount of PUF A in the diet the subject could become

depleted of vitamin E.

He used vegetable

in order to show this more rapidly.
to be particularly

all of which were

with vitamin E (Hassan et al.,

Horwitt and his associates
vitamin E deficiencies

changes,

effective

of tocopherol

Horwitt found that linoleic acid seemed

in lowering alpha-tocopherol

finding has not been confirmed
rats that were on a fat-free

oils that were stripped

in all studies.

Alfin-Slater

levels.

However,

this

et al. (1972) used

diet until 4 months of age and then supplemented

5

them with varying levels of methyl linoleate

and alpha-tocopherol.

linoleate to tocopherol

ratios of 500:1, the researchers

vitamin E deficiency.

Using dogs fed from 1-15 percent

with and without vitamin E supplementation,
(1969) found a direct

relationship

the need for vitamin

E.

Hayes,

Even with

found no symptoms
safflower

of

oil diets

Nielsen and Rousseau

between the amount of PUF A in the diet and

Requirement
The requirement

for vitamin

On the basis

PUF A in the diet.

Horwitt (1960) recommended
low in unsaturated
in unsaturated
prevent

of his studies on erythrocyte

5 mg of alpha-tocopherol

fats and 30 mg of alpha-tocopherol

fats.

hemolysis

E seems to be related to the amount of

Working with rats,

1 molecule

of PUF A. Harris

that a ratio of 0. 6 for E:PUFA is a sufficient
deficiency

for adults with diets
for those with diets high

Bieri and Poukka (1970) found that to

of at least 10 percent,

needed for every 11 molecules

hemolysis,

of alpha-tocopherol

and Embree

amount to prevent

(1963) determined
a vitamin E

over an extended period of time.
The National Research

Council in 1974 listed the recommended

allowance as 12 IU for men and 15 IU for women.
alpha-tocopherol

One IU of natural

dietary

occurring

is 1. 49 mg.

Another factor that influences

the need for vitamin E is stress.

Horwitt (1965), Herting (1966), and Mason (1968) agree that stress
metabolic

was

or other factors

may cause a deficiency

in an individual who is already

near the deficiency

due to

symptom to occur,
level.

especially

6

Dietary levels
Harris

and Embree

(1963) used ·food purchases

intake of alpha-tocopherol.
day.

to determine

Dietary intake was determined

the daily

to be 14. 9 mg per

Using foods that were ready to eat, Bunnell et al. (1965) determined

average

daily intake of alpha-tocopherol

study from Canada using a composite
average

to be 7. 4 mg per day.
diet used for insecticide

daily intake of alpha-tocopherol

(Thompson et al.,

was determined

the

A more recent
testing,

the

to be 6. 38 mg per day

1973).

Serum and tissue levels
Studies done in the Washington,

D. C. , area (Bieri et al. , 1964) found

no serum vitamin E levels below 0. 50 mg per 100 ml of serum.
showed 93. 9 percent
Using thin-layer

of the readings

chromatography,

to be above 0. 70 mg per 100 ml of serum.
Christiansen

tocopherol

values of O. 62 to 0. 78 mg percent

cholesterol

and high PUFA diet for 6 months.

reported

the results

Levels in Pittsburg
averaged

507

.:!:._ 32

E status.

adipose tissue.
adrenals,

in subjects

358

.:!:._21

who had been on a low

Herting and Drury (1965)
and Rochester

were used to determine

averaged

µg percent

plasma

in which paper
levels of tocopherol.

and those in Rochester

µg percent.

The erythrocytes
vitamin

(1967) found a range of alpha-

of studies from Pittsburg

and column chromatography

The survey

and serum

However,

to determine

there have been studies done on organs and

Levels of tocopherol

and pituitary

are used most frequently

(Dju, Mason,

were found to be the highest in the testes,
and Filer,

1958).

7

Erythrocyte

hemolysis

test

The erythrocyte

hemolysis

test using hydrogen peroxide

most commonly used to evaluate vitamin E status.
of an approximate

measure

of the amount of tocopherol

oxidants would also influence the reaction
There are several

problems

include pH, standardization
traces

However,

encountered
of peroxide

(Horwitt,

the test is more

since other lipid anti -

Harvey and Harmon,

in the hemolysis
decomposition,

of heavy metals and cleaning solutions

is one of the

method.

1968).

These

age of solutions and

(Horwitt et al.,

1956).

Cholesterol

Cholesterol

content in the diet

The amount of cholesterol
serum cholesterol.

It was found that an increase

100 ml of serum occurred
(Stare,

1966).

when the cholesterol

increases

the effect is aided by the presence

in the diet was increased

per
100 mg

Reiser. (1966) also

the level of serum cholesterol

and that

of fat in th e diet.

fatty acids

It has been suggested

more important

of 5 mg of cholesterol

This rise was not related to dietary fat.

stated that dietary cholesterol

Polyunsaturated

in the diet seems to influence the amount of

that the type and amount of fat in the diet may be

than the amount of cholesterol.

only half as effective in decreasing
fatty acids are of increasing

Polyunsaturated

the levels of serum

cholesterol

them (Keys, Anderson and Grande,

fatty acids are
as saturated
1965).

The

8

length of the fatty acid chain as well as the degree of saturation
important.
raising

Palmitic

and myristic

serum cholesterol

levels

fatty acids seem to be the most effective in
(Hegsted et al.,

oil which contain high percentages
reducing cholesterol
have 15 percent

cent of the calories

Dzama,

the excretion

levels.

They found that to

effective.

levels by decreasing

the cholesterol

Bhattacharyya

of neutral

1966).

If corn oil was used to supply 10-13 per-

then the diet was partially

fats lower cholesterol

1964).

Corn oil and safflower

from fat provided by PUFA was the most effective

cholesterol

the body and by increasing

1965).

of PUF A are the most effective fats for

(Brown and Farrand,

of the calories

level for reducing

unsaturated

levels

appears to be

excretion

and coworkers

It is believed

cholesterol

(Kinsell,

that

synthesis

in

Schlierf and

(1969) found that PUFA increased

steroids.

Long-term dietary modifications
lower serum cholesterol

to

There have been se veral long-term
tions to lower serum cholesterol
(CHD). Among the better

studies

involving dietary modifica-

and thus the risk of coronary

known of these are the Framingham

heart disease
Study, the

Prudent Diet and the National Diet- Heart Study.
The Framingham

Study which was begun in 1945 involved 5, 209 subject s,

all of whom were residents
subjects

of Framingham,

Massachusetts.

were used for a diet study (Kagan et al.,

A group of 988

1962).

The Prudent Diet which was also known as the Diet and CHD Study
Project

and the Anti-coronary

Club was begun in 1957 and involved a total of

9

600 men.

The men ranged in age from 20 to 59 years

Archer,

1959; Rinzler,

the National Diet-Heart

of the United States Public Health Service

Study which was begun in 1960 and involved

100, 000 men between the ages of 45-55 years.
mine if a decrease

were prepared

Other foods could be purchased
foods (Baker et al. , 1963).
for the subjects

Framingham

Study.

the subjects

for the diet and delivered

from the supermarket

The preparation

weekly.

in addition to the special

of foods with special fats made it

to maintain the diet than did the Prudent Diet and the
Of the subjects,

2, 400 men were chosen for the dietary

It was found that the cholesterol

study.

The study was done to deter-

in the amount and type of fat in the diet would decrease

CHD. Special food products

easier

Rinzler and

1962).

The National Heart Institute
supported

(Jolliffe,

on the controlled

levels were reduced by 11 percent

diet and that these reductions

in

could be main-

tained (Brown, 1968).
A follow-up study done on som e of the participants

of the National

Diet-Heart

Study showed that diet could lower serum levels when the amount of

cholesterol

and saturated

of PUFA moderately

fatty acids were moderately

increased

(Remmell et al.,

In addition to these diets other long-term

12-year
diet.

study has been done in Helsinki.

reduced and the amount

1969).
studies have been done.

One group ate the regular hospital

The other group had a special diet that included the use of oils for cook-

ing, filled milk (using soy oil), lean meats and margarine.
report,

A

cholesterol

levels were 19 percent

In the first 6-year

lower in the special diet group and

10
triglycerides
incidence
et al.,

were 14 percent

of heart disease

1968).

less than those of the control group.

was also less in the special diet group (Turpeinen

After the initial 6-year period,

another 6 years,

the project

was continued for

but now the control group became the special diet group.

was found that when the patients
regular

The

changed from the experimental

hospital diet that the death rate from coronary

while that of patients

It

diet to the

heart disease

doubled

who had changed from the control to the experimental

diet was halved (Miettinen et al. , 1972).
There have been some interesting

studies using obese as well as

normal weight subjects.

One such study (James and Christakis,

Prudent

the effect on the cholesterol

Diet to compare

and normal weight subjects.
normal weight subjects

The cholesterol

levels of both the obese and the

(1. 25/1. 50) the cholesterol

effect of low calorie

levels for the

Conner and Stone, 1966) investigated

diets of varying cholesterol

values.

4 to 7 pounds per week and the cholesterol

100 ml and the triglyceride
study the cholesterol
tive balance.

When the

dropped four times more quickly.

Another study (Galbraith,

averaged

levels of both the obese

fell at the same rate and to the same degree.

P/S ratio was reduced by one-half
obese subjects

1966) used the

levels decreased

the

The weight loss

levels decreased

55 mg/100 ml.

content did not prove to be as important

However,

54 mg/
in this

as was the nega-

11

American

diet
The average

calories.

American

Over 40 percent

cent is polyunsaturated
1967).

diet contains 250 mg of cholesterol

of the calories

are obtained from fat, of which 5 per-

fatty acids and 18 percent

In a study of male civil service

is saturated

workers,

in preparation

from the food rather

or at the table (Browe et al.,

any dietary modifications

must consider

well as the fat served as table spreads

Recommended

dietary

the way a person

Bierenbaum
amounts of calories,

cholesterol

1967).

fat used

This would suggest that

and used as cooking fats.

that dietary habits are the result

satisfaction

(Albrink,

1965).

changes in

For these reasons

change is usually recommended.
et al. (1967) recommended
fats and carbohydrates,
on saturated

of polyunsaturated

four guides:

2) 30-35 percent

fatty acids,

fatty acids,

(Brown,

1971) recommends

1) moderate
of the calories

particularly

myristic

acid,

3) less than 400 mg of

in the daily diet, and 4) a diet meeting all nutrient

Another source

of

A new diet must be as close to the old one as possible

from fat with less emphasis
and the inclusion

than from additional

and that it is very difficult to make extensive

eats.

dietary

Over 75 percent

modifications

to give the most psychological
a moderate

fat.

the type of foods being consumed as

First of all it must be remembered
of cultural patterns

fatty acids (Keys,

it was found that their diet

contained three times as much animal fat as vegetable
the fat was obtained directly

per 1000

a diet low in lauric,

requirements.
myristic

and
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palmitic

fatty acids,

high in polyunsaturated

fatty acids and containing less

than 350 mg cholesterol.
Brown and Farrand
when experimental

(1966) discovered

three areas

diets were used for free living persons.

of possible

The difficulties

were caused by the individuals

failing to choose the correct

vegetable

as well as a failure to consume proper

oils and margarines

of vegetable

studies

are preferred
strengthen

carbohydrates,

this recommendation.

there was a decrease

complex carbohydrates

over those of refined types such as sugar.

when the complex carbohydrates

when substituted

were substituted

in serum cholesterol.

for sugar,

and leafy vegetables

Several

for sugar in the diet that

others do not.

Anderson

lowered serum cholesterol

Carbohydrates

from legumes,

fruits

levels while those from bread

did not.

wheat and potatoes

with the various
fed starch

such as

Another study (Grande,

lowered serum cholesterol

Staub and Thiessen
corn,

amounts

Hodges and Krehl (1965) found that

and Keys, 1965) found that while some carbohydrates

and potatoes

animal products,

oils.

When recommending
starches

difficulty

rather

an atherosclerotic

starches,

(1970) did research
and sucrose.

disease

that makes this statement

While serum

the concentrations

than sucrose.

with rats using starch
cholesterol

from

values varied

were always lower in the rats

Yudkin (1967) stated that the development

might be related to a high sugar intake.

One thing

difficult to prove is that a population with a high

sugar intake usually also has a high fat intake.

of
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Fatty acids and their relationship
to coronary heart disease
In a study done with rats

and palmitic

acids were both thrombogenic

acid was neither
extensive

(Renaud,

atherogenic

and plasma

The researchers

oil.

(Kloeze,

Linoleic

Rabbits were used for an

of dietary fat and platelet

cholesterol

used hardened

either linseed or safflower

as well as atherogenic.

nor thrombogenic.

study on the relationship

atherosclerosis

1968), it was found that the stearic

adhesiveness,

Houtsmuller

and Vles,

coconut oil and coconut oil plus 10 percent
Not only was the cholesterol

oil.

In another

was increased

serum.

study with rabbits,
above 12 percent

pronounced.

Cholesterol

which had diets supplemented

of

level higher in

the coconut oil only group, but there were also more atherosclerotic
than for the animals

1969).

changes

with linseed or safflower

Moore (1969) showed that when butterfat

of the diet that aortic atherosis

became more

The diet was made up of 80 parts basal ration and 20 parts fat.

levels

Normal values for cholesterol

range from 120 to 260 mg/100 ml of

Those people with cholesterol

levels above 350 mg/100 ml of serum

run a very high risk of becoming

a victim of coronary

heart disease

(DeWar,

1969).
In a study of 2,691 subjects,
were females,
cholesterol

Lopez, Krehl and Hodges

values increased

12 to 70 years.

of which 1,653 were males and 1,038

with aging.

1967) determined

that serum

Ages of the participants

ranged from
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Triglycerides

Studies have shown that serum triglyceride
as cholesterol
stockholm

in coronary

suggested

heart disease.

cholesterol

1972).

in predicting

were important

and

in 3, 168 men.

It was found

(Kannel,

Serum triglycerides
and total calories

Hayton and Beirenbaum,
diet found that triglycerides

Study also found that high levels of

as a risk factor in CHD when accompanied
1971).

in CHD than cholesterol

was eaten instead

of triglyceride

and cholesterol.

levels of cholesterol

hydrates

Triglyceride

in women after the age of 55.

seem to be influenced more by the type of carbothan by the type of fat (Albrink,

1967).

1965; Fleishman,

One study done with men on an Oriental type

decreased

(Hodges et al.,

of the calories

with starch

1967).

and increased

Ho et al. (1972) reported

were from fat.

was 8. 52 mg/100 ml of serum.
100 mg/100 ml of serum.
lack of carbohydrate

by high

levels seemed to be more

of a study done on 250 Alaskan Arctic Eskimos on a high fat diet.
50 percent

(Carlson

was in the group with high levels of both

A report from the Framingham

important

study in

are as important

heart disease

of heart disease

that the highest risk of heart disease

triglycerides

ischaemic

The study involved the relation

levels and the incidence

fasting triglycerides

A follow-up of a 9-year

that high fasting levels of triglycerides

as high levels of cholesterol
and Bottiger,

levels may be as important

The average

precursors

in the diet.

the results
Approximately

serum triglyceride

This is below the average

It was speculated

when sugar

level

Caucasian level of

that the low level was due to the
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Coronary

Coronary
(Albrink,

1965).

individuals

These traits
1) personal

sonal traits

is the chief cause of death in the United States

While the cause of coronary

with heart disease

common.
gories:

heart disease

Heart Disease

often have certain traits

are called risk factors.

traits,

2) metabolic

such as diabetes

of heart disease.
mellitus

disorder

calories

exercise

and excess

personal

habits that would be risk factors.

diabetes

Examples

Cigarette

These factors

in the production

(Finegan et al.,

hypertension

habits.

or idiopathic

(perhaps due to increased

would be diseases
smoking,

lack of
of

are generally

of coronary

heart disease.

with coronary
of smoking,

hypercholesterolemia.
as hypercholesterolemia,

salt intake),

lack of exercise,

smoking,

coffee drinking and lack of sleep.

generally

listed as a risk factor in the past, but it is now receiving

attention.

Per-

would be age, sex

1968) of 500 subjects

Mayer (1968) listed the risk factors
hypertension

and 3) personal

only nine were without any of the risk factors

mellitus,

in

which could lead to obesity would be examples

believed to have some importance
In one survey

or characteristics

Metabolic disorders

or hyperlipidemia.

is still not known,

These consist of three cate-

consist of inborn or genetic factors.

or family history

heart disease,

heart disease

obesity,
cigarette

Coffee drinking has not been
more
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HyPertension

Hypertension
blood pressure

has been defined by the World Health Organization

readings

above (Kahn et al.,

of 160 mm Hg systolic

1972).

The American

systolic

and 90 mm Hg diastolic

Neither

of these definitions

pressure

readings

used as the standard

with age.

of the blood pressure

for hypertension

blood pressure

all groups of people.
bushmen in Northern
increase

with age.

Truswell

readings

that

of each age group be

the rise is sharper

It has been sug-

for those with hyper-

readings.

levels do not seem to increase

et al. (1972) reported

with age in

on a study done on Kung

Botswana that indicated that blood pressure
It was suggested

blood

Kahn et al. (1972) suggested

for that age group.

than for those with normotensive
However,

uses 140 mm Hg

takes into account that in most populations

gested by Kannel (1971) that perhaps
tension

Medical Association

or

or above as their definition of hypertension.

tend to increase

the top 10 to 15 percent

and 95 mm Hg diastolic

as

does not

that one reason for the lack of hyperten-

sion might be their very low salt intake and also the lack of obesity.
Family groups seem to have similar
Levy and Kass (1971) conducted

Blood pressure
children

readings

(1971) suggested

readings.

Zinner,

a study using 721 children from 190 families.

from siblings were compared

of the same age group.

more closely related

blood pressure

The blood pressure

than those of the other children

that both genetic and environmental

to those from other
readings

of siblings were

of the same age.
factors

Kannel

could be involved.
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METHODS AND PROCEDURE

Statement

The purpose
previous

of this study was to do a follow-up on the subjects

study done by Marjorie

and triglyceride

of the Problem

levels,

M. Christiansen

erythrocyte

hemolysis,

(1967).

from a

The serum cholesterol

blood pressure

and dietary

habits were determined.

General Study Design

The original
and 60 years.

study was composed of 26 subjects between the ages of 33

Ten were selected

as controls

and 16 were placed on an experi-

mental diet which was designed to ha ve a PUFA to SFA ratio of 1. 0 or greater.
Because many of the original
the previous

subjects

study, it was necessary

had moved from the Logan area since
to contact some persons

by letter.

subjects that were still in Logan had their cholesterol

and triglyceride

and erythrocyte

Laboratory.

hemolysis

determined

in the Nutrition

obtained venously by the Logan LDS Hospital.
subjects

were given breakfast

and blood pressure

readings

Logan were requested
determination
questionnaires

were taken.

Those subjects

to have a blood pressure

done by a physician.
to be completed

of Nutrition

the

and Food Sciences

no longer living in

reading and a cholesterol

All subjects

(Appendix A).

levels
Blood was

After blood was taken,

by the Department

The

were given dietary

A total of 18 subjects

and health

18

participated.

Of these nine were controls

and nine were from the special diet

group.
Aliquots of blood were taken for the hemolysis
was covered with parafilm,

allowed to stand and then centrifuged.

was frozen for the triglyceride

and cholesterol

Each subject was requested
and general

health.

recommendations

to fill out a questionnaire
if any dietary

on dietary habits
changes had been

or if the group on the special diet had continued any of the

that were given them at the beginning or the study.

statement

While it has been suggested

of the HYPotheses

that a diet high in polyunsaturated

acids might cause a vitamin E deficiency

in adults,

true.

Christiansen

Using the same group of subjects,

tocopherol

The serum

tests.

This was used to determine

made by the controls

test and the remainder

fatty

this does not seem to be
(1967) found no low

levels.
The hypotheses

for this study are:

1.

Serum alpha-tocopherol

2.

Some of the dietary
diet group,

3.

levels will be within normal limits.

changes may have been retained by the special

and some of the changes may have been adopted by the

control group.

However,

most subjects

that are similar

to those before the study was begun.

Serum lipid levels will be similar
study.

will have eating habits

to findings in the previous
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Erythrocyte

Hemolysis

Test

The method of Horwitt et al. (1956) was used for the hemolysis
Two hundred microliters

(0. 2 ml) of blood were used.

that was used in the Christiansen

study.

and Arthur

(1968) was used.

This is the same method

See Appendix B.

Serum Cholesterol

For serum cholesterol

test.

Method

determinations,

the method of Clark,

Fifty microliters

of serum were used.

Rubin
See

Appendix C.

Serum Triglyceride

Serum triglyceride
Galleti (1968) and Sardesai
serum were used.

Method

levels were determined
and Manning (1968).

See Appendix D.

from the methods of

For each sample,

O. 3 ml of
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RESULTS AND DISCUSSION

Introduction

A total of 18 of the original
assisted

in this follow-up study.

diet questionnaire

subjects

However,

experimental

diet group.

control group will be designated
experimental

Of the 14 returning

in the discussion

them is available.

in this discussion

at the noninstructed

(NI) group and the original

questionnaires,

six were from the noninstructed
group.

Only these 14 will be con-

of the health and diet questionnaires.

Health Status Summary

The subjects
51. 5 years.

Of

the original

(I) group.

group and eight were from the instructed
sidered

concerning

control diet group and nine from the

Hereafter

group as the instructed

study

four did not return their health and

so only limited information

the 18 there were nine from the original
original

from the Christiansen

ranged in age from 41 to 66 years.

The mean age was

There were three men and three women from the NI group and

four men and four women from the I group.

The mean age of the I group was

48. 6 years and for the NI group 55. 5 years.

Most were in good health.
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Level of Activity and Stress

Everyone in the I group described
In the NI group, four described
strenuous

his level of activity as moderate.

their level of activity as sedentary,

one as

and one as moderate.
Two in the I group felt that they were under a great deal of stress

their everyday life.
very little.

Five rated the amount of stress

Five in the NI group felt that they were under moderate

while one felt that his amount of stress
Table 1.

as moderate

Only one of the subjects

was great.

and one as
stress

This is summarized

in

smoked.

Table 1. Amount of activity and stress
instructed subjects

experienced

by instructed

and non-

Number of subjects
I

NI

Activity
Sedentary
Moderate

4

8

Strenuous

in

1
1

Stress
Great

2

1

Moderate

5

5

Little

1
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Family History and Other Risk Factors

Four of the I subjects

had a family history of heart disease,

of the NI also had family histories

of heart disease.

a medical history of heart disease

themselves.

Four of the subjects
cholesterol
determined,

determinations

and four

None of the subjects had

in the NI group and four in the I group had not had

made.

Of the subjects

who had had cholesterol

all were within the normal range except for two high normals

the I group and one in the NI group.

Blood pressure

readings

levels
in

varied from low

to high.

Two lows were in the I group and there was one high in each of the

groups.

Three subjects

from each group were overweight.

One purpose of the questionnaire
the subjects
values,

might have.

smoking,

heart disease

Amount of activity,

amount of sleep,

stress,

what risk factors

hypertension,

cholesterol

excess body weight and family history of

were considered . All subj ects were within the age range that is

more susceptible
factors

was to determine

to heart attacks.

(not considering

Only one subject had more than three risk

age).

Diet

The frequency in the use of poultry,

fish and seafood, beef, pork,

eggs, whole milk, vegetable oils and butter were studied as general indicators
of the cholesterol

content and the degree of saturation

Table 2 summarizes
One member

the consumption

of the diet.

of fish and seafood and poultry.

of the I group never ate fish, seafood or poultry.

The same NI
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subject who ate poultry four to seven times per week also ate fish and seafood
with the same frequency.

Table 2.

Frequency of consumption
instructed subjects

of fish and poultry by instructed

and non-

Times per week
I

NI

Fish
Never

2

Less than once

3

3

1-3

2

2

4-7

1

Poultry
Never

1

Less than once

3

3

1-3

4

2

4-7

1

Beef and pork
Beef was eaten more regularly
several

than pork but both were consumed

times per week by most of the subjects.

All subjects

ate beef either

one to three times per week or four to seven times per week.
ate b ee f four to seven times per week while five NI subjects

Three I subjects

did.

Pork was
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eaten less than one time per week or one to three times per week by all subjects with the exception of one subject in the I group who never ate pork.
I and one NI subjects

Two

were eating from five to ten meals of pork and beef per

week .

Meat preparation
The way in which meats were prepared
to be important.
meat.

All members

for eating was also considered

of the NI group trimmed

visible fat from their

Six of the I group did so, one did not and one did sometimes.

were asked which method of meat preparation
baking,

frying or boiling.

A combination

popular with three NI and two I subjects
tion method is presented

Table 3.

Preferred
instructed

Subjects

they used most often; broiling,

of baking and broiling
listing these methods.

was most
Meat prepara-

in Table 3.

methods of meat preparation
subjects

by instructed

and non-

Methods

I

NI

Baking, Broiling

2

3

Baking

1

Frying

2

Baking,
Broiling,

Frying

1

Boiling

Baking, Broiling,

1

1

Frying

2

1
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Eggs, milk and butter
Eggs were eaten three times or less per week by all subjects with
the exception of one I subject who ate eggs four to seven times per week.
Two I subjects

had four to seven servings

I subject had over two servings

of whole milk per week.

One

per day while one NI subject had over one

serving per day.
Six I subjects

never ate butter,

four to seven times per week.

one ate it twice per day and one ate it

Three NI subjects

ate butter four to seven

times per week, one less than one time per day, one one to three times per
week and one more than one time per day.
day according to answers
day?"

However,

No one ate over 1 tablespoon per

to the question "how much butter do you eat per

this seems to be a conservative

No one ate more than 2 tablespoons

estimate.

per day.

The NI group ate slightly

more sugar than the I group but not enough to be significant.

Dietary change
Some of the above eating habits are reflections
been made in eating patterns

while others reflect unchanged habits.

bers of the I group continued some of the original
Christiansen

study.

experimental

The reduction in eggs and the increased

oils were the suggestions
were the reduction

of changes that have

that were more frequently

in consumption

retained.

Six mem-

diet of the
use of vegetable
Also mentioned

of whole milk and butter and the addition of
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more fish and poultry to the diet.

Two subjects

beyond a few months after the project
Of the NI members,
fats.

Two subjects

did not continue the diet

terminated.

three shifted to vegetable

made no dietary

had already switched to vegetable

changes.

oils rather than solid

One made no dietary

changes but

oils rather than solid fats before the project

began.

Laboratory

Erythrocyte

hemolysis

The range for erythrocyte
However,

Results

hemolysis

all values above 22 percent

It was assumed

were discarded

for purposes

of analysis.

that the high values were influenced by the presence

nants in the laboratory

equipment

(Horwitt et al. , 1956).

of the NI group showed a higher percent
of the I group.

of hemolysis

of contami-

The red blood cells

than did the red blood cells

The mean values for the NI group and the I group were 12. 65

and 9. 49 percent,
Christiansen.

varied from 57. 2 to 2. 7 percent.

respectively.

This correlates

At the end of her study,

for mean values of the NI and I groups.

with the findings of

she had values of 4. 97 and 2. 20 percent
The mean values for all groups are

listed in Table 4.
These results

indicate that vegetable

oils contain enough tocopherol

offset any additional need for added vitamin E in the diet.

Harris

and Embree

(1963) found that a ratio of 0. 6 of vitamin E to PUFA was sufficient
a vitamin E deficiency

over an extended period of time.

Christiansen

to prevent
(1967)

to
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Table 4.

Mean hemolysis values for subjects
instructed groups

Groups

in the instructed

Hemolysis

Instructed

and non-

values (%)

(I)

10.70

Women
Men

8.28

Total

9.49

Noninstructed

(NI)

Women

13.05

Men

12.25

Total

12.65

I and NI

Women

11. 87

Men

10.26

Total

11.12

found that the NI group had a ratio of 0. 75 and the I group a ratio of 0. 54.
However,
ratios

as all subjects

are probably

NI and a decreased

indicated that they use some vegetable

somewhere

in between due to an increased

oils, the
usage by the

usage by the I.

Triglycerides
Serum triglyceride

values varied from 72 to 60 mg percent.

mean for both groups combined was 66. 9 mg percent.

The

The means for the I

28
and NI groups were almost exactly the same (67. 2 and 67. 0, respectively).
In both groups the mean values for the men were slightly higher than for the
women.

The triglyceride

Table 5.

values are presented

Mean triglyceride
subjects

in Table 5.

values obtained for instructed

Groups

Triglyceride

Instructed

and noninstructed

values (mg %)

(I)

Women

65.0

Men

69.5

Total

67.2

Noninstructed

(NI)

Women

65.6

Men

68.5

Total

67.0

N and NI
Women

65.3

Men

69.0

Total

66.9

Since sugar and carbohydrate
both the NI and I groups,
similar

as they were.

consumption

in general

one would expect the triglyceride
Serum triglyceride

was similar

for

levels to also be

levels seem to be influenced most
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by the type of carbohydrate
Hayton and Beirenbaum,

and total calories
1967).

(Albrink,

1965 and Fleishman,

Simple carbohydrates

levels while complex carbohydrates

elevate the triglyceride

tend to lower them.

Perhaps

sumption of sugar is the reason that the values for triglycerides
the national average.

Another explanation

were much beyond their ideal weights.
levels.

the low conwere below

could be that none of the subjects

Most were at or below optimal weight

This would indicate that the calories

consumed were not in excess.

Cholesterol
Cholesterol

values ranged from 139 to 252 mg per 100 ml of serum.

The highest mean value was for the male instructed

group with 228 mg per

100 ml of serum followed by the female noninstructed
100 ml of serum.

In Christiansen's

study (1967) involving the same people,

the high est mean value was the female noninstructed
of serum followed by the male instructed
s e rum which is in reverse

group with 200 mg per

with 200 mg per 100 ml

group with 194 mg per 100 ml of

order from that of the present

the mean values for each group are similar
mean values are summarized

study.

to the Christiansen's

However,
finding.

in Table 6.

The value for the noninstructed

group was only 1 mg percent different

from the cholesterol

value of the same group at the end of the Christiansen

study.

change was in the male instructed

The greatest

15 percent

increase

had a 10 percent
low cholesterol

in mean cholesterol

decrease,
reading.

The

value.

group which had a

The female instructed

group

but this was due to one individual who had a very
If this individual

is discounted,

then the mean value

30

Table 6.

Mean cholesterol values for both the present
Christiansen study

Groups

Present

study

study and the

Christiansen

mg%

mg%

Women

159

176

Men

228

194

Total

194

185

Women

200

200

Men

183

184

Total

191

192

Women

179

188

Men

205

189

Total

192

188

Instructed

study

(I)

Noninstructed

(NI)

N and NI

for the present
the Christiansen

study is the same as the mean value for the group at the end of
study (166 mg percent).

There seems to be no definite reason why the cholesterol
the male instructed
of the other groups.
possible

explanation

group should have increased
However,

there are several

substantially
possible

could be that although the subjects

levels of .

more than those

explanations.

One

had retained part of
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the former

dietary suggestions,

Many had reverted
that persons

to former

they were doing so in a more relaxed manner.
eating patterns.

on a self-selected

Brown and Farrand

diet often failed to consume the proper

of vegetable oils and had difficulty choosing the correct
of vegetable

oils consumed could be an important

Since so many factors
cholesterol

levels,

obtained values.
similar

cholesterol

values.

time period to another,
relative

indicator
Figure

and erythrocyte

factor here.
an individual's

the amount that diet influenced the

Since cholesterol

levels are variable

of

from one

status of an individual.

1 shows the relationship
hemolysis.

between the serum cholesterol

There was no correlation.

between serum tocopherol
that no correlation

levels and serum cholesterol

to depend more upon the total calories
while cholesterol

The amount

the values obtained in this study can only be used as a

Figure 2 indicates
triglyceride

amounts

it could have been a factor in the maintainance

of the cholesterol

found no relationship

products.

are involved in determining

it is difficult to assess

However,

(1966) found

was apparently

Christiansen

levels
(1967)

and serum cholesterol.
existed between the serum

levels.

Triglyceride

and type of carbohydrate

levels seem
in the diet

influenced more by the amount and type of

fat consumed.

Blood pressure

readings

All blood pressure
140/90 used by the American

readings

were below the hypertensive

Medical Association

level of

except for two readings

from
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the female noninstructed
130/82.

group.

The mean reading for the entire group was

All values are listed in Appendix E.

those of subjects with the higher cholesterol
small to make an accurate

estimate.

The higher readings
levels,

seem to be

but the sample is too

35

SUMMARY AND CONCLUSIONS

Problem

Outline

This study was based on the recommendations
in her dissertation.
33 and 60 years.
experimental
greater.
study.

taken.

(1967)

between the ages of

and 16 were placed on an

diet which was designed to have a PUFA to SFA ratio of 1. 0 or
26 subjects participated

in the present

Nine of these were from the control group and nine were from the

cholesterol

made,

had 26 subjects

Ten were designat ed as controls

Eighteen of the original

experimental

subjects

The original project

of Christiansen

group.

Subjects no longer in the Logan area were asked to have

determinations

made and blood pressure

in the Logan area had cholesterol
rate of erythrocyte
All subjects

hemolysis

were requested

readings

and triglyceride

determined
to return

taken.

Those

determinations

and blood pressure

readings

a health and diet questionnaire.

Results

It was hypothesized

that:

1.

Serum alpha-tocopherol

2.

Some of the dietary

changes would have been retained by the

special

and some of these changes would have been

diet group,

levels would be within normal limits.

adopted by the control group.

However,

most subjects

would have

36

eating habits that are similar

to those before the previous

study

was begun.
3.

Serum lipid levels would be similar

to findings of the previous

study.
The results

of these hypotheses

The alpha-tocopherol

1.

levels seemed to be within normal levels.

This is based on the results
However,
previous
2.

the percent

of hemolysis

Most of the noninstructed

animal fats.

particularly
In general,

changed radically
The cholesterol
study.

subjects

diet plan, most had reverted

in their diets,

3.

hemolysis

was greater

of the dietary questionnaires

almost all of the instructed

patterns.

of the erythrocyte

tests.

than in the

study.

The results

study's

were:

had retained

however,

levels were similar

some of the

to established
subjects

in the substitution

by participation

The greatest

indicated that while

dietary

eating

made some changes
of vegetable

oils for

choices were not

in the Christiansen

study.

to findings of the previous

change was in the male instructed

group.

Conclusions

The results
will voluntarily
prevention

of the diet study indicated that adults on self-selected

make only limited changes in their diet.

of medical problems

such as heart disease

Just the possible

is not sufficient

diets

37

motivation

even for subjects

medical problem

in the coronary-prone

already exists,

ings are in agreement

age group.

this provides more motivation.

These find-

with findings from other researchers.

It would appear that there is little likelihood

being caused by increased

usage of vegetable oils,

that most people would consume.
sufficient

However, if a

of a vitamin E deficiency

or at least by the amounts

The amount of tocopherol

in the oils seems

to supply the body's needs.
There was little change in cholesterol

The lar·gest increase

was in the male instructed

are involved in determining

cholesterol

values,

values since the previous
group.

study.

Since so many factors

it is difficult to determine

much influence the diet had on the individual serum cholesterol

values.

how
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Appendix A:
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VITAMIN E AND CHOLESTEROL STUDY

Address

Sex

Weight _______

_

GENERAL HEALTH QUESTIONNAIRE

For the following questions
word.
1.

please place a check mark

What level of activity best describes
1. Mostly sedentary

2.

Do you feel you are under stress
1.

3.

A great deal __

Do you smoke?
If yes:

4.

1.

Have you had any infectious

what type ?

what type?

work?

Very little

2.
disease

Occasionally
in the past 5-6 years?

Yes

No

-------------------

Yes __

No

-------------------------

Have you had any surgical
If yes,

3.

Strenuous

No

specify the type.

Do you have any allergies?
If yes,

6.

---

3.

in your everyday

Moderate

Regularly

If yes, please

5.

Yes

2.

the appropriate

your daily routine?

Moderate

2.

(V}after

operations

in the past 5-6 years?

-------------------------

Yes

No

48

7.

8.

Are you presently

taking any medication?

If yes, what type?

~--------~--------~~-~--

Do you take any vitamin or mineral
If yes,

9.

10.

11.

list the brand name and amount.

what

Less than once a year

3.

More than 2 times a year

describe

briefly.

---

No

level determined

during the last year?

No
Low

Normal

----

was it:

Low

15.

Have any of your parents

----

High

-----

taken during the last year?

Normal

----

Have you been overweight

or grandparents

Yes_

No

High

----

during the past 5-6 years?

Yes

No __

died of a heart attack?

No

How many hours do you sleep each night?
Yes

No

---------------------

14.

16.

1-2 times a year

Yes

Have you had your blood pressure

Yes

at this time? Yes

---

Have you had your blood cholesterol

If yes,

No

----~----~~~~~

2.

---

Have you had any heart trouble?

yes, was it:
13.

Yes

do you visit your doctor?

1.

Yes

No

----------~--------------~

How frequently

If yes,

12.

supplements?

Do you have any known organic disorder
If yes,

Yes __

No __

If yes,

---

Do you nap during the

how long? ______________

day?
_
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DIET QUESTIONNAIRE
How often do you eat the following foods ? Please place a check mark (
appropriate column.
Never or
practically
never
1. Leafy green vegetables

2.

3.

4.
5.
6.
7.
8.
9.

10.
11.

such as lettuce,
spinach, broccoli, etc.
Yellow vegetables
Citrus fruit or juice
such as oranges,
grapefruit,
tomatoes,
and raw cabbrurn
Potatoes (white)
Other vegetables
Other fruit
Bread
Cereals
Poultry
Fish and seafood
Meat a) Beef
b) Pork
c) Organ meats
such as liver
d) Other meat

12. El!'l!'S
13. Milk

a) Whole
b) Low fat (2%)
c) Non-fat (2%)
d) Buttermilk
14. Ice cream
15. Cheese a) Cottage
b) Cheddar, etc.
16. Cream a) Half and half
or coffee
cream
b) Whipping
cream
c) Sour cream
d) Dried nondairy
substitute

Less
1-3
4-7
than
times
times
once a a week a week
week

V>in the

More More
than
than
once a twice
a day
day
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Never or
practically
never

17. Pie or pastry
18. Other flour products
such as cake, muffins,
pancakes, macaroni, etc.
19. Butter or
margarine
20. Gravies and sauces
made with fat
21. Salad dressing
22. French fried potatoes
and potato chips
23. Peanut butter and nuts
24. Sweets such as sugar,
jrun, syrup, honey,
candy
25. Soft drinks
26. Tea or coffee
27. Alcoholic beverages

Less
4-7
1-3
than
times
times
once a a week a week
week

More
More
than
than
once a twice
day
a day
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1.

Approximately how much sugar do you consume each day ? (In coffee, on
cereals, on fruit, etc.)
Tbsp.

2.

How much cream do you consume each day?

---

Tbsp.

3.

How much butter do you consume each day?

---

Tbsp.

4.

How much margarine

5.

Do you generally

6.

Are your meats and other foods generally:
Broiled

7.

---

8.

3.

Yes

Baked

No
Fried

Other
eat gravies

If yes,

and sauces made with fat?

Yes

No

list kinds -------------------

Animal fat such as lard, butter, cream, bacon drippings?
----Solid vegetable shortening such as Crisco, Spry, margarine?
---If margarine,
please specify brand.
Vegetable oils such as Wesson, Mazola, etc. ?

Have you consciously
more polyunsaturated
If yes, what specific

10.

Tbsp.

What kind of fat do you use mainly in cooking ?
1.
2.

9.

trim the visible fat off your meat?

Do you frequently

Never __

do you consume each day? __

-------------------------

made any shift from your usual use of fats to the
fats in the past few years?
Yes
No
food changes have you made?

-----------

If you were on the experimental diet during the previous study, how long did
you continue on the high polyunsaturated diet after the conclusion of the
diet?
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Appendix B:
Erythrocyte

Hemolysis

Test

References:
1.

Christiansen,
Marjorie M. 1967. Serum alpha-tocopherol,
cholesterol,
and total lipid values and unsaturation of lipids
in 33- to 60-year old adults on self-selected
diets at different
levels of polyunsaturated
fat. Unpublished Ph. D. dissertation,
Utah State University Library, Logan, Utah

2.

Horwitt, M. K., C. G. Harvey, C. D. Duncan, and W. C.
Wilson. 1956. Effects of limited tocopherol intake in man with
relationships
to erythrocyte hemolysis and lipid oxidations.
American Journal of Clinical Nutrition 4:408-418.

Method:
Saline-citrate
is added to freshly drawn blood samples to wash the
erythrocytes.
The mixture is centrifuged and the plasma removed.
The erythrocytes
are mixed with a peroxide solution to determine how
much hemolysis takes place. The amount of hemoglobin is determined
colorimetrically.
This amount is compared with the amount of
hemoglobin in sample tubes in which distilled water was substituted
for the peroxide.

Solutions:
1.

Saline-citrate.
Mix together 1. 0 gm sodium citrate and 0. 9 gm
sodium chloride.
Add enough distilled water to make 100 ml.

2.

Phosphate buffer pH 7. 4. Mix 25. 0 ml potassium monophosphate
(0. 2 M) and 19. 7 ml sodium hydroxide (0. 2 M) with enough distilled water to make a total volume of 100 ml.

3.

Saline O. 9 per cent.

4.

Saline buffer.
buffer.

5.

Hydrogen peroxide
hydrogen peroxide
buffer.

Combine equal volumes of saline and phosphate

2. 5 percent.
Combine 1 volume of 30 percent
(Superoxal R) with 11 volumes of phosphate
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Procedure:
1.

Place 200 microliters
of freshly-drawn blood in a 15 ml tube that
contains 5 ml saline-citrate.
Rinse the pipette with saline-citrate
before using. Cover with parafilm and let set for 2 hours at 25 C.

2.

Centrifuge the tubes for 10 minutes at 1800 rpm.

3.

Remove the supernatant

4.

Make a 2. 5 percent solution of the cells in saline buffer.
(Volume
of RBC x 40 = total volume of solution. ) Mix cells and buffer by
shaking gently.

5.

Place in a water bath (37 C) for 15 minutes.

6.

Centrifuge at 1800 rpm for 10 minutes, and withdraw the supernatant after estimating the volume of cells.

7.

Prepare up to a 5 percent solution of cells in O. 9 percent saline.
(Volume of RBC x 20 = total volume of solution.) Shake gently.

8.

Into each of five small round bottom test tubes, pipette
liters of the RBC solution.

9.

Add 200 microliters
of 2. 5 percent peroxide in phosphate buffer
to four of the tubes. Add the peroxide solution at one time. Add
200 microliters
of phosphate buffer to the fifth tube as a control.

10.

11.

and estimate

the volume of cells.

200 micro-

Place the tubes in a 37 C water bath for 3 hours. Agitate the
tubes every 15 minutes to keep the cells in suspension.
To the control and to three of the tubes containing peroxide,

add

3. 6 ml of saline buffer.
To the remaining tube containing peroxide
add 3. 6 ml distilled water. Invert each tube to mix. Centrifuge
the tubes for 10 minutes at high speed.
12.

Set the colorimeter

at 540 m and read the supernatant

Calculation:

Percent

. _ (peroxide + buffer) - blank
hemolys1s - (p eroxi 'd e + wa t er ) - blank

x 100

liquid.
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Precautions:
1.

The rate of the peroxide decomposition is influenced by detergent
on glassware, the pH of the solutions, the presence of heavy
metals and the age of the solution.

2.

The rate at which the peroxide is added produces differences in
the percent hemolysis obtained. It is very important to standardize
this variable.

3.

It is very important

standardized
4. All traces

for the pipettes
in the procedure.

and the test tubes to be

of heavy metal should be eliminated.
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Appendix C:
Serum Cholesterol

Determination

References:
Clark, Brian R., Robert T. Rubin, and Ransom J. Arthur.
1968.
A new micro method for determination of cholesterol in serum.
Analytical Biochemistry
24:27-33.

Method:
Protein is precipated out and the samples are centrifuged to settle
the precipitate.
Part of the supernatant is removed and mixed with
the iron-ethanol reagent, sulfuric acid and methylene chloride.
The
methylene chloride extracts the iron chromogen that contains the
cholesterol content of the sample.
The amount of cholesterol is
determined colorimetrically.

Solutions:
1.

Absolute ethanol.

2.

KOH-ethanol reagent,
absolute ethanol.

3.

Methylene chloride.

4.

Concentrated

5.

Iron-ethanol reagent (FeAlc), 5. 0 gm reagent grade FeCl 6H O
3· 2
dissolved in 1000 ml absolute ethanol.

6.

Cholesterol

sulfuric

2. 0 ml of 33% aqueous KOH in 100 ml

acid.

standard.

Procedure:
1.

Using a 100 µ 1 pipette, put 50 µl of serum into the bottom of a
20 ml screw-top culture tube. Rinse the pipette between samples.
Prepare a standard using 50 1.d of cholesterol standard and a blank
using 50 µl of water.
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2.

Add 2. 0 ml of FeAlc solution to each tube using a volumetric
pipette.
Mix gently while adding. Next add 1. 0 ml KOHethanol solution with a volumetric pipette.
Cap the tubes,
shake vigorously and place in a 65 C water bath for 5
minutes.

3.

Centrifuge the tubes at 20, 000 rpm for 5 minutes to separate
the precipitate.

4.

Transfer 1. 0 ml of the supernatant
tubes with a volumetric pipette.

5.

Pipette

6.

Layer 2. 0 ml concentrated sulfuric acid beneath the alcohol
solution.
The acid must be pipetted slowly down the side of the
tube. Should mixing occur, discard the sample.

7.

Cap the tubes and shake vigorously for several minutes.
to cool to room temperature
(approximately 20 minutes).
orange color should develop.

8.

Layer 2. 0 ml sulfuric acid beneath the red-orange layer. Add
5. 0 ml methylene chloride with a volumetric pipette without
mixing.

9.

Cap the tubes and shake by hand for 2 minutes or by automatic
automatic shake r for 5 minutes.
Let stand 10 minutes or until
the layers separate.
Remove part of the upper layer (methylene
chloride phase).
Place in a spectrophotometer
cell and read at
525 mµ. Leave the tubes capped until they are ready to be read.

to each of two 20 ml culture

1. 0 ml FeAlc into each tube and shake gently.

Allow
A red-

57

Appendix D:
Plasma

Triglyceride

Determination

References:
1.

Galleti, R. 1968. An improved colorimetric
micromethod for
the determination
of serum glycerides.
Clin. Chem. Acta
15:184.

2.

Sardesai, V. M., and J. A. Manning.
of triglycerides
in plasma and tissues.

The determination
Clin. Chemica.
14:156.

1968.

Method:
Isopropyl ether is used to extract the lipids from the plasma.
Activated
silicic acid is used to absorb the phosopholipids.
Potassium hydroxide
is used to saponify the plasma that is now phospholipid free. The
result of this reaction is oxidized to formaldehyde.
Sodium arsenite
is used to stop the r eaction.
The color for the readings is produced
by reading the formaldehyde with acetyl acetone reagent.

Solutions:
1.

Isopropyl ether that has been purified by passage through a column
of activated alumina.
This should be stored in the refrigerator.

2.

Silicic acid that has been activated

overnight

at 1 70 C.

3 . Alcoholic potassium hydroxide (0. 4%). Using a minimum amount
of distilled water, dissolve 0. 4 gm of KOH and add enough 95 %
ethyl alcohol to make 100 ml.
acid (2 N).

Put 10 ml H so in 170 ml of distilled
2 4

water.

4.

sulfuric

5.

Sodium metaperiodate
(0. 05 M). Put 1. 069 gm of NaIO in enough
4
distilled water to make 100 ml. Store in refrigerator.

6.

Sodium arsenite (0. 5 M). Put 6. 5 gm of NaAs0 in enough distilled
2
water to make 100 ml. Store in refrigerator.
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7.

Acetyl acetone reagent (pH 6. 0 at 25 C). Mix together 150 gm
ammonium acetate, 3 ml glacial acetic acid and 2. 0 ml acetyl
acetone.
Add enough distilled water to make 1000 ml. Store in
the refrigerator
for up to 2 weeks.

8.

Triglyceride
standard (0. 4 mM). Using a 100 ml volumetric
flask, add 32. 28 mg tripalmitin and make to volume with isopropyl
ether.
Store in refrigerator.

1.

Put 1. 2 gm of silicic acid into a 15 ml glass stoppered

2.

Ad,d 1. 0 ml isopropyl
the silicic acid.

3.

Add 6. 7 ml isopropyl ether and shake vigorously and horizontally
intermittently
with a Vortex mixer for one-half hour.

4.

Centrifuge the tubes at 2000 rpm for 5 minutes.

5.

Transfer
tubes.

6.

Place in a 40 to 45 C water bath and evaporate
stream of o -free N .
2
2

7.

Using O. 05, 0. 1, 0. 2, and O. 3 ml of
isopropyl ether as the blank, pipette
tubes and also evaporate to dryness.
for samples and standards and blanks

8.

Put 0. 5 ml of alcoholic

9.

Place in a 60 C water bath for 15 minutes.

Procedure:
tube.

ether and pipette O. 3 ~l of serum on top of

1. 0 ml of the supernatant

to each of three pyrex test

to dryness

under

triglyceride
standards and
these into 25 ml pyrex test
Use the same procedure
from this point on.

KOH into each tube.

10. Add 0. 5 ml of 2N H so and 0.1 ml of NAI0 separately.
2 4
4
temporary brown color will appear.
after 10 minutes,

add O. 1 ml of NaAso

A

11.

To stop the reaction

12.

About 5 minutes later, add 0. 8 ml of distilled water to each tube
followed by 2 ml of acetyl acetone reagent.
The solution should
be pale yellow.

2

.

a
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13.

Mix thoroughly and place in a 58 C water bath for 10 minutes.

14.

If the mixture

15.

Let cool to room temperature.

is cloudy, add 1 ml of isopropanol.
Read at 412 µm.
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